(19) 



J 



Ml 



Europfllsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 705 614 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date ot publication and nnention 
of the grant of the patent: 
25.09.2002 Bulletin 2002/39 

(21) Appiication number: 95202927.0 

(22) Date of filing: 30.04.1990 



(51) Intel/: A61M 15/00 



(54) Dry powder inhalation device 

Inhalationsvorrichtung fOr Trockenpulver 
Dispositif d'Inhalation de poudre sfeche 



(84) Designated Contracti n g States : 

AT BE CH DE DK ES PR GB IT Li LU NL SE 

(30) Priority: 28.04.1989 GB 8909891 
05.01.1990 GB 9000261 

(43) Date of publication of application: 
10.04.1996 Bulletin 1996/15 

(62) Docunnent number(s) of the earlier applicatlon(s) in 
accordance with Art. 76 EPC: 
90907220.9/0 470 154 

(73) Proprietor: RiKER LABORATORIES, INC. 
Northridge, OA 91324 (US) 

(72) Inventors: 

• IHodson, Peter D. 
Trowell Park. Troweli, Notts NG9 3QX (GB) 



CD 

CD 

m 
o 
h- 

o 

Q. 

m 



• Smith, David K. 
Loughborough. Leics LE11 3PT(GB) 

• Wass, Anthony C.L. 

Duddlngton, Stamford, Lines PE9 3QE (GB) 

(74) Representative: Bowman, Paul Alan 
LLOYD WISE, TREGEAR & CO., 
Commonwealth House, 
1-19 New Oxford Street 
London WC1 A 1LW (GB) 



(56) 



References cited: 
EP-A- 0 224 335 
DE-A- 2 837 040 
FR-A-2 516 387 
US-A- 3 777 742 
US-A- 3 971 377 



DE-A- 2 831 553 
DE-U- 8 806 288 
FR-A-2 598 918 
US-A- 3 91 5 165 
US-A- 4 109 656 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed In 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouwe. 75001 PARIS (PR) 



1 



EP0 705 614 B1 



2 



Description 

[0001] This Invention relates to dry powder inhalation 
devices and In particularto an inhalation device in which 
a dose of powdered nnedtcannent is aerosolised for in- 
halation by a patient, which aerosolisation is independ- 
ent of the patient's Inspiratory effort. 
[0002] Asthma and other respiratory diseases have 
long been treated by the inhalation of appropriate nned- 
icannent. For many years the two most widely used and 
convenient choices of treatment have been the inhala- 
tion of medicament from a drug solution or suspension 
in a metered dose pressurised inhaler (MDI), or Inhala- 
tion of powdered drug generally admixed with an excip- 
ient, from a dry powder inhaler (DPI). With growing con- 
cem being voiced over the strong link between depletion 
of the earth's ozone layer and chlorofluorocarbon emis- 
sions, the use of these materials in pressurised Inhalers 
is being questioned and interest in DPI systems has 
been^stimulated. 

[0003] Known single and multiple dose dry powder 
devices use either individual pre-measured doses, such 
as capsules containing medicament which are inserted 
Into the device prior to use, or Incorporate a bulk powder 
reservoir from which successive quantities of medica- 
ment are transferred to a dispensing chamber. Whilst it 
Is desirable to utilise the action of a patients breathing 
both to aerosolise powdered drug in the device and in- 
hale the powder, thereby overcoming the co-ordination 
problems necessary to synchronise inspiration with 
means for medicament release, the efficiency of aero- 
soltstng the particles of powder is dependent upon the 
patients inspiratory effort and in some cases a patient 
having breathing problems, e.g., during an asthmatic at- 
tack, may have insufficient inspiratory effort to aero- 
solise and inhale the required dose of medicament at a 
time when the patient has the greatest need for drug. 
[0004] Agglomeration Is caused by particles of medi- 
cament adhering together in a semi-rigid mass, and re- 
quires an increased inspiratory effort by the patient to 
break up and entrain drug particles Into the air stream. 
If the patient is unable to provide sufficient inspiratory 
effort the extent of drug penetration into the lower air- 
ways of the lung will be reduced. Larger agglomerated 
drug particles (approximately 1 0^m or greater) which re- 
sult from inefficient aerosolisation are not stably en- 
trained into the patients air stream and prematurely de- 
posit in the mouth/throat region which may lead to un- 
wanted systems side effects, especially when potent 
drugs are administered. 

[0005] Some inhalation devices have attempted to 
solve the problems attributable to agglomeration and 
medicament release, for example, U.S. Patent Specifi- 
cation Nos. 3,948,264, 3,971,377 and 4,147,166 dis- 
close Inhalers for dispensing medicament In the form of 
a dry powder contained in a rupturable capsule. After 
breaching the capsule the patient is required to exter- 
nally manipulate means for operating a power source to 



provide the input of energy, necessary to release med- 
icament from the capsule, while simultaneously inhaling 
through the device. 

[0006] U.S. Patent Specification No. 3.948,264 dis- 
5 closes the use of a battery powered solenoid buzzer to 
vibrate the capsule effecting medicament release. 
[0007] U.S. Patent Specification No. 3,971,377 dis- 
closes the use of a propeller to generate an airtlow ef- 
fecting medicament release. The power source com- 
10 prises an electric motor, battery and external switch 
combination or a threaded plunger arrangement. 
[0008] U.S. Patent Specification No. 4,147,166 dis- 
closes the use of an Impeller to generate sufficient air 
turi:)ulence to effect medicament release. The power 
15 source comprises a battery driven motor, a compressed 
gas power turbine or a hand power driven differential 
gear. 

[0009] These devices are unsatisfactory as they per- 
mit deagglomeration/aerosolisation to take place for an 
uncontrolled period of time prior to inspiration, addition- 
ally, the patient may forget to activate the device before 
inhalation. Thus, the size and effectiveness of the dose 
received by the patients respiratory system may vary 
between individual patients and/or between Individual 
occasions of use. 

[0010] British Patent Specification Nos. 898649 and 
1 479283 disclose dry powder Inhalers comprising either 
a manually squeezed bellows or bulb to generate great- 
er than atmospheric pressure in an air reservoir. Inspi- 
ration by the patient operates a valve mechanism which 
discharges the compressed air into a chamber contain- 
ing a dry powder capsule and hence into the patients 
respiratory system. However, the aforementioned de- 
vices remain patient dependent even though the energy 
used to aerosolise and deaggtomerate the powder Is not 
supplied by the patients inspiratory effort. The degree 
of pressure exerted upon the bulb or bellows will affect 
the energy supplied by the compressed air which in turn 
will affect the nature of the dose of powdered drug in- 
haled. For example, old, arthritic or very young patients 
may exert considerably less pressure than a more able 
individual. Similarly those individuals afflicted with an 
asthma attack find the devices cumbersome and/or 
complicated at a time when they are under severe 
stress. Furthemnore, in each case the patient must re- 
member to operate the squeezy bulb or bellows prior to 
inhaling, and must continue to exert pressure on these 
means during inhalation. 

[0011] FR-A-2598918 discloses apparatus suitable 
for delivery of 25 to 30g of radio opaque particles to the 
respiratory system of a patient over a plurality of respi- 
ratory cycles. The apparatus comprises means to detect 
the breath ing cycle and controls the flow of gas and pow- 
der so that powder feed is temninated during the exha- 
lation cycle. 

[001 2] According to the present invention there is pro- 
vided a dry powder inhaler comprising 

a housing defining a chamber for receiving a dose 
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of powdered medicament, 

a patient port in the form of a mouthpiece or nasal 
adapter. 

an inhalation passageway in communication with 
the chamber and patient port, 

a deagglomerator that deagglomerates or assists 
in aerosolisatlon of the dose of powdered medicament, 

an electric powered device that drives the deag- 
glomerator, 

a patient-Independent energy output source that 
drives the electric powered device, 

a detector that detects inspiratory flow through the 
inhalation passageway and 

a controller for actuating the deagglomerator in re- 
sponse to detection of the inspiratory flow by the detec- 
tor in which the detector comprising a movable vane po- 
sitioned within the patient port or chamber, the vane be- 
ing constructed and arranged to prevent exhaled air 
reaching stored powdered medicament. 
.f00i3] The present 'Invention provides s dry powder 
inhaler capable of dispensing reproducible doses of 
powdered medicament rn temns of both dose size and 
state of deaggtomeration, by offering performance inde- 
pendent of a patient's Inspiratory effort, manual dexter- 
ity, physical strength or ability to co-ordinate separate 
movements such as breathing and starting to squeeze, 
or breathing and pressing a button or lever during ad- 
ministration of the medicament. 

[001 4] The inhaler is made patient independent by the 
incorporation of a patient-Independent energy output 
source for deagglomeration/aerosolisation of medica- 
ment and a breath actuation mechanism, responsive to 
inspiratory flow, able to synchronise medicament re- 
lease with inhalation. Thus, in order to receive a dose 
of medicament, the patient simply inhales through the 
mouthpiece. The detection means detects the patient's 
inspiration and triggers the deagglomeration/aerosoli- 
sation means which operates to ensure efficient aero- 
solisation of the medicament in the air streann. The en- 
ergy for operation of the deagglomeration/aerosolisa- 
tion means during inspiration is independent of the pa- 
tients inspiratory effort and does not requ Ire any manual 
effort by the patient during the administration of the med- 
icament. 

[001 5} The inhalation devices of the invention may be 
of either single dose format, requiring insertion of a new 
dose after each successive use. or multiple dose format 
whereby the device contains a plurality of such doses. 
Single medicament doses are generally enclosed in a 
rupturable capsule, which Is nomially Inserted into the 
device on a need to use basis. Typically, the patient will 
carry a plurality of such capsules in a pop-out tab about 
their person. Mutttple dose devices may also utilise cap- 
sules but more commonly include a medicament pow- 
der reservoir and a powder transfer member for deliver- 
ing a dose of medicament to the chamber. 
[0016] Nomnalty the capsules are formed of gelatin ^ 
although any suitable material which Is both inert to the 



drug contained within and able to be satisfactorily punc- 
tured or otherwise split, may be used. The capsule may 
be manually opened or ruptured by the patient prior to 
insertion into the device, or, the sealed capsule ruptured 
5 during or after insertion into the device. 

[0017] In one embodiment the capsule is securely 
mounted In an enclosure within the aerosolisation 
chamber and punctured in situ by one or more retract- 
able piercing members, typically spring biased and op- 
10 erated by opening of the mouthpiece prior to Inhalation. 
[001 B] Alternatively, a multiple dose inhaler may in- 
clude a bulk powder reservoir and a length or area of a 
suitable material forming part or alt of a powder transfer 
member, which member moves past or through a stor- 
es age chamber containing the powdered medicament in 
such a way that a controlled quantity of the powder is 
transferred to the surface of the material. 
[001 9] The material and its powder coating then pass 
into the aerosolisation chamber of the device where 
sorr.s physical force is applied to the material in order 
to release a fixed proportion of the powder as an aerosol 
suitable for inhalation. 

[0020] The powder transfer member preferably com- 
prises a material of suitable surface characteristics to 
allow its uniform coating with powder. The member may 
incorporate a number of sub-members, for example, for 
purposes of support and conferring rigidity, or may be 
composed solely of the transfer material itself. Exam- 
ples of materials which may be suitable, include non- 
woven fibrous materials, shaped filament materials 
such as 'Scotchmate' or 'Dual-Lock' commercially avail- 
able from Minnesota Mining and Manufacturing Compa- 
ny; microporous materials, micro-grooved polymer ma- 
terials or structured surface materials having small sur- 
face grooves or recesses formed in their surface of a 
typical size of < SOO^m deep and of 500)i.m or less in at 
least one other dimension. The physical form of this 
powder transfer material would preferably be a tape or 
disk, although other forms may also be used, for exam- 
ple, string or cord, or simply an area of material in some 
shape such as a rectangle. 

[0021] The nature of the movement of the material, 
between the powder storage chamber and the region of 
the device where aerosolisation takes place, is related 
to its physical form. For example, a tape, string or cord 
may be used, preferably to give linear transport through 
or past the storage chamber, whilst a disk may be rotat- 
ed, preferably such that a given part of the disk is in the 
storage chamber and a second part in the aerosolisation 
chamber at any one time. A defined area of powder 
transfer material is then rotated from the filling station 
to the aerosolisation chamber. Any particular part of the 
surface area of the powder transfer material may or may 
not be used more than once. 

[0022] The loading of the transfer material with pow- 
der from the storage chamber may be by any suitable 
means. For example, the transfer material may move 
through the powder or may pass underneath It or over 
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it. The transfer member may itseff form one boundary of 
the powder storage chamber. The powder transfer ma- 
terial may pass over or between brushes, rollers, scrap- 
ers, etc., or other dosing means, in order to control or 
modify the quantity of powder coated onto it. For exam- 
ple, microgrooved material could be uniformly coated 
with powder (and the dosage thus accurately controlled) 
by scraping powder into the grooves on its surface in 
order to fill them. For other materials, dosage determi- 
nation may be effected by careful control of the transfer 
material/powder reservoir interface parameters, e.g., by 
the control of the forces under the influence of which 
they are brought Into contact. 

[0023] An example of an arrangement suitable for use 
with the devices of the invention is disclosed in Europe- 
an Patent Application No. 69715 wherein the powder 
reservoir comprises a storage chamber and the transfer 
member comprises a horizontally oriented perforated 
membrane mounted on a rotatable manoeuvering unit. 
Thus, the storage chamber and membrane are displac- 
ably arranged In relation to one another between a first 
position, in which medicament is introduced into the per- 
forations in at least a part of the area of the membrane, 
and a second position, in which the area of the mem- 
brane so loaded is rotatably displaced into the aerosoli- 
sation chamber prior to input of deagglomeration/aero- 
sollsation energy. 

[0024] Problems are sometimes further caused by the 
necessity to provide a sufficient quantity of powder (e. 
g., several hundred \ig) to overcome problems associ- 
ated with the accurate transferral of measured small 
quantities of drug into a capsule or onto a transfer mem- 
ber. Thus, with potent drugs, the medicament is normal- 
ly compounded with an excipient, such as lactose pow- 
der, to increase the quantity of powder to be measured. 
Excipients are undesirable as they are generally of too 
great a size to be themseives inhaled, and yet they may 
retain adherent drug particles which thus get deposited 
in the mouth and throat. In addition excipients cause dry- 
ness in the mouth and may be responsible for dental 
caries. Therefore, In a most prefen'ed embodiment, the 
medicament source comprises a pre-loaded elongate 
carrier, as disclosed in our copending British Patent Ap- 
plication No. B909B91 filed on the 28th April, 1989 and 
PCT Application No. US90/02412 (WO-A-90 13 238) of 
even date. 

[0025] Devices utilising an elongate carrier provide a 
simple, effective dry powder inhaler which is capable of 
delivering multiple, uniform doses of a medicament to a 
patient. The device is simple to operate and does not 
require the patient to insert capsules of medicament or 
rely upon a separate reservoir of medicament in order 
to load the device for use. The medicament is preloaded 
on an elongate carrier, sections of which are passed se- 
quentially into the chamber for dispensing the medica- 
ment. The elongate carrier may be conveniently loaded 
on a spool (in a simitar manner to a photographic film) 
or in a cassette (In a similar manner to an audio cas- 



sette). The elongate carrier may have any ratio of 
length : width but is preferably greater than 5:1, more 
preferably greater than 10:1 and more preferably be- 
tween 1 00 : 1 and 1 000 : 1 

s [0026] The preloaded elongate carrier can take a va- 
riety of fomns, but preferably is a tape, web, belt or cord. 
The powdered medicament may be retained on the car- 
rier by electrostatic attraction, van der Waals forces, 
physical attraction, mechanical binding, wedging or by 

10 a cover layer or an overlying layer of the same carrier 
when the carrier is wound etc. One or more surfaces of 
the canrier and optionally the interior of the carrier may 
be configured to assist in retaining the particles of pow- 
der, 

15 [0027] The carrier may be constructed from one or 
more of a wide range of natural and synthetic materials 
e.g. polyethylene, polypropylene, polyester, poly- 
tetrafluoroethylene or a co-polymer thereof and cellu- 
lose. The materials may be in the form of non-woven 

20 fibrous materials, Iccse weave materials or fabricsyma- 
terials having a surface pile, films, microporous materi- 
als, microgrooved materials, cords of twisted fibres, or 
any material or composite of more than one material 
having small surface grooves, recesses, interstices, ap- 

25 ertures or embossed surface structures having a typical 
size of <500 iim in either depth or height and of greater 
than 0.1 p,m In at least one other dimension in order to 
retain the particles of powder. 

[0028] A microgrooved material preferably comprises 
30 a tape, web or belt with one or more grooves of width 

1 0 to 500 fxm at the carrier surface and a depth of 1 0 to 
500 ^m, but the grooves may generally have dimen- 
sions at least an order of magnitude larger than the larg- 
est particle. The microgrooves may be filled partially, or 

35 completely, the latter facilitating a means of dosage con- 
trol if the material is loaded under uniform conditions. 
The microgrooves need not be continuous or straight 
and may run in one or two dimensions. 
[0029] A microporous material preferably comprises 

^0 a tape, web or belt having pores of diameter 0.1 to 1 00 
which may be randomly orientated. At least a portion 
of the pores must be on the exterior surface. A preferred 
method of pore formation utilises solvent extraction of 

011 droplets dispersed In a film of carrier material. 

"^5 [0030] A further embodiment of a microporous mate- 
rial is produced by a laser drilling process and comprises 
a tape, web or belt having pores of diameter 1 to 100 
liJTi, preferably 20 to 50 p,m, in at least one surface. 
[0031] A non-woven material may be of any suitable 

50 fomriat, but is preferably in the fomn of a tape, web or 
belt. It may contain any type and fomn of fibres, although 
fibres of 0.1 \im to 100 ^m diameter are preferred and 
most preferably 5 to 20 \im diameter. Fibres may be of 
any appropriate length but preferably 1 to 1 00 mm. For- 

55 mation of the non-woven material may be any suitable 
method, for example, combing or carding, deposition of 
fibres from a transport gas or fluid, or the extrusion and 
blowing of microfibres. Bonding, e.g. by thennal fusion. 
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of the fibres over at least part of the area of the material 
may be carried out to increase the mechanical strength 
of the material. Such bonding may be most convenientJy 
situated at the edges of the tape or web and may be 
conveniently formed as part of a process of slitting the 
tape, e.g., by a thermal or laser slitting means. The ma- 
terial may also be perforated or embossed and may op- 
tionally be air permeable. 

[0032] The non-woven material may use a mixture of 
fibre compositions or fomis. In one preferred embodi- 
ment, bicomponent fibres, with a readily-fusible outer 
component, are used. Such fibres are capable of ready 
Inter-bonding to prevent, ormmimlse fibre shedding. In 
another preferred embodiment, spun-bonded fibres are 
used to achieve the same objective by taking advantage 
of their longer fibre length. In a third embodiment, con- 
tinuous reinforcing filaments may lie in the plane of the 
material, so providing fibre anchorage and conferring 
additional mechanical strength to the material. In a 
fourth embodiment, paper type non-woven materials 
formed by deposition of fibres from a liquid may be used, 
as they may possess additional strength compared to 
other materials and may lead to reduced fibre shedding, 
due to increased fibre entanglement. 
[0033] The tape, web or belt may contain reinforcing 
threads in the plane of the material and/or a backing lay- 
er e.g. a metal foil such as aluminium, or a polymer film 
or a combination thereof. A metallized backing layer is 
advantageous when the carrier is stored as a roll be- 
cause it Imparts a conducting surface, which may re- 
duce transfer of medicament from the coated surface to 
the uncoated surfaces. The backing layermay have per- 
forations to allow for passage of an airflow through the 
carrier material proper. 

[0034] The carrier may be loaded by the bnishing, 
scraping or smearing of powdered medicament onto the 
carrier surface. 

[0035] Altematively the cannier may be loaded by 
evaporation from a suspension of medicament, by pre- 
cipitation from a solution of medicament or by deposition 
from an aerosol for example by spraying. Impaction, im- 
pingement, diffusion or by electrostatic or van der Waals 
attractions. For example, the medicament particles may 
be given an intentional electrical charge immediately pri- 
or to loading. The technique of charged aerosol depo- 
sition may be complimented by the use of a carrier with 
an Inherent electrostatic charge. Ideally, the carrier 
should be an insulator such as polytetrafluoroethylene 
capable of retaining the charge, alternatively the carrier 
may contain an artificial charge due to the presence of 
electrets. Generally, the choice of loading technique will 
be governed by the properties of the carrier material em- 
ployed. 

[0036] Masks, stencils etc. may be employed during 
coating, in order to allow the coating of discrete areas 
of carrier medium with individual doses. Patterned dep- 
osition of the medicament may be used to prevent con- 
tact between drug and any Ink markings on tape. 



[0037] A preferred carrier for use in this invention is 
disclosed and claimed in U.S. Patent Application 
Number (Attorney Docket F.N. 45128 USA 1 A) of even 
date (US-A-5 1 92 548). That Patent Application disclos- 
5 es a flexible sheet material comprising a plurality of dis- 
crete depressions in at least one surface thereof, each 
of the depressions having a depth of about 5 to SOO^im, 
but less than the thickness of the sheet material, and an 
opening at the surface of the sheet material of about 10 
10 to SOO^im across, a substantial number of the depres- 
sions being-at least pariially filled, preferably at least 
75% filled, with micronised medicament, and the area 
of the surface of the sheet material between the depres- 
sions being substantially free of micronised medica- 
ls ment. 

[0038] The flexible sheet material may comprise a 
substantially regular array of depressions or microdim- 
ples formed In the top surface of a layer of polymeric 
material. The depressions are generally truncated 

20 Gones.-but may alternatively be of any suitable configu- 
ration for holding micronised medicament Including gen- 
erally truncated pyramids, partial hemispheres and tet- 
rahedrons and other geometric configurations or non- 
geometric configurations. Presently preferred depres- 

25 sions have a sidewall angle of about 15 to 20** to the 
vertical. The array of depressions may take any form or 
pattem and need not be regular (i.e., the array may be 
irregular in appearance). 

[0039] The depressions generally have a depth of 

30 about 5 to 500|im and an opening at the surface of the 
sheet material of about 1 0 to 500M.m across with respect 
to the major axis of the opening. In the case of the de- 
pressions having generally circular openings such as 
truncated cones or partial hemispheres, for example, 

35 the major axis discussed above is. In fact, the diameter 
of the circular opening. Preferred depressions have, a 
depth of about 1 0 to 1 GO^m and an opening (e.g., diam- 
eter in the case of truncated cones or partial hemi- 
spheres or the like) at the surface of the sheet material 

40 of about 50 to 200|j,m. The depressions generally wiil be 
spaced about 20 to 200p.m, preferably about 50 to 
200p.m, from one another, Preferably the depressions 
will number from £ibout 500 to 15,000 per cm^ of the 
sheet material. The volume of each depression and the 

45 spacing or number of the depressions will depend upon 
the potency of the medicament and the area of the sheet 
material intended to represent a single dose of the med- 
icament. Preferably, the sheet material will have a sub- 
stantially unifomi depression volume per unit area. 

50 [0040] The sheet material may further comprise a 
support layer, e.g., of paper The layer of polymeric ma- 
terial may be laminated or melt-bonded to or extruded 
onto the support layer. Other support layers may be 
formed of non-wovens or polymers such as polyester 

55 [0041 ] The layer of polymeric material may comprise 
any suitable polymer such as polyethylene, polypropyl- 
ene, polyester, polytetrafluoroethylene and cellulose. 
Polyethylene is preferred. The layer of polymeric mate- 



5 



9 



EP 0 705 614 B1 



10 



rial will be typically about 25 to lOO^m in thickness. 
[0042] The sheet material may be formed of a single 
material such as polypropylene. The support layer is not 
required In such an embodiment since the sheet mate- 
rial even without the support layer will exhibit sufficient 
integrity and durability. 

[0043] A preferred sheet material is prepared using 
polyethylene-coated kraft paper available from Schoel- 
ler Company. The depressions. have a depth such that 
they do not fomn pores extending through the entire 
thickness of the sheet material. 

[0044] The top surface of the sheet material is gener- 
ally coated with micronlsed drugs to at least partially fill 
the depressions followed by general removal of excess 
drug from the top surface of the sheet material in the 
areas of the top surface between the depressions, e.g., 
by scraping optionally followed by rolling between sili- 
cone pads. 

[0045] As the packing density of the micronlsed med- 
icament in the depressions may havs influence en the 
fomn and amount of medicament released from the 
sheet material during the aerosolisation process, care 
should be taken to assure that the packing density re- 
mains substantially unlfonm during the coating process. 
[0046] The opening and depth dimensions and the 
spacing of the depressions influence how much micro- 
nlsed medicament the sheet material can carry per unit 
area for a given degree of compression of the medica- 
ment during loading or coating. Further, depression 
depth may Influence the degree to which medicament 
is released from the sheet material and its relative state 
of agglomeration orunagglomeration. Using salbutamol 
sulfate with a mean particle size of 1 .7 ^.m and tor single 
impactions of strength appropriate to an inhaler on are- 
as of about 2 to 10cm2 of sheet material, the following 
was observed. The percentage of medicament retained 
on the sheet material or tape decreases as depression 
depth increases, this being about 95% at 14p.m, about 
60% at 28p.m and about 35% at 45|j.m. Further, the re- 
spirable traction (i.e., the percentage of drug which is In 
particles of aerodynamic diameter of equal to or less 
than about 6.4^.m) similariy decreases as depression 
depth increases, this being about 65% at 14|4.m: about 
30% at 28p.m and about 1 0% at 37jim. These two trends 
result in the proportion of total medicament released in 
particles of respirable size remaining generally similar 
for the depression depths studied (this being about 5 to 
15% of total medicament). 

[0047] Depressions may be formed in the sheet ma- 
terial by any suitable technique such as micro-Imprinting 
using a photolithographically-pattemed magnesium al- 
loy plate or other micro-machined plate. Other conven- 
tional techniques which may be used are optical imaging 
or laser imaging. 

[0048] As an illustrative example a sheet material has 
been prepared using a photollthographically produced 
etched magnesium alloy master plate having an array 
of pyramidal-shaped protuberances numbering about 



1550 per cm^ wound about a steel roller. The roller was 
heated to about 225" F using oil. The polyethylene sur- 
face of polyethylene-coated kraft paper (commercially 
available from Schoeller Company) was pressed 
5 against the surface with a rubber or steel nip roll, also 
heated with oil and hydraulically pressurised against the 
pattemed roll. 

[0049] It is preferred that the medicament employed 
exhibit a potency which permits a single dose to be load- 

10 ed onto the sheet material in an area of less than about 
25cm^ and preferably less than about Sam^. More pre- 
ferred is a sheet material containing a drug in such a 
manner and of such a type that between 0.25 and 
2,25cm2 most preferably between 0.5 and 2.0cm2, of 

IS the sheet material will contain a single dose. Stated dif- 
ferently, given that a sheet material of the invention may 
conveniently carry between about 1 0 and 1 50{j.g of med- 
icament per cnr»2, the potency of the medicament will 
preferably be such that a single dose may be carried on 

25 the above stateu'C:2G to 2.25cnrf^ of sheet materiai. 
[0050] The format of the carrier In the most preferred 
embodiment is a tape. The nature of the carrier dictates 
the method of transport between storage means and the 
chamber where aerosolisation takes place. In a pre- 

25 ferred embodiment, storage of preloaded carrier is ef- 
fected by winding on a spool which is contained within 
a cassette. Use of a tape web or belt allows other con- 
formations to be imparted to the stored carrier by folding, 
for example, as a concertina conformation which has the 

30 advantage that the medicament bearing surfaces are in 
association and thereby prevent net transfer of medica- 
ment during storage. Each fold may define a unit dose 
of medicament. Folding along the longitudinal axis of the 
tape, referred to as hybrid folding, may also reduce un- 

35 wanted net transfer of medicament. Cord or string may 
conveniently be stored as a coil. 
[0051] The device includes means for advancing the 
elongate carrier through the chamber to sequentially ex- 
pose areas of the carrier for release of medicament dur- 

40 ing inhalation by the patient. The means for advance- 
ment may take a variety of forms depending upon the 
type of elongate carrier and whether the exposed areas 
of can-ier are to be retained within the device. For ex- 
ample, tapes webs and belts may Include a series of 

45 apertures which are engaged by one or more sprocket- 
ed guide wheels or rollers in a similar manner to a cam- 
era or printer. Alternatively, or In addition, the canler may 
be wound on a take-up spool, rotation of the spool di- 
rectly or via a drive belt causing the carrier to advance. 

50 The device may also Include means for tensioning or 
otherwise maintaining the exposed area of the carrier 
within the chamber during inhalation by the patient. 
[0052] The elongate carrier may be advanced into the 
chamber prior to inhalation by the patient preferably or 

55 the carrier may be advanced into the aerosolisation 
chamber during inhalation to protect the powdered med- 
icament from premature exposure. For example in one 
embodiment of the Inhaler an unexposed area of carrier 
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is rapidly advanced into the chamber upon actuation, 
and is rapidly decelerated or brought to an abrupt halt 
and preferably is Impacted thereby imparting sufficient 
energy to the medicament particles to effect their dis- 
placement from the carrier Into the air stream. 
[0053] In the preferred embodiment of the invention 
the elongate carrier is stored In a cassette both before 
and after exposure. The cassette may comprise one or 
preferably two spools together with idlers or other rollers 
and Include an exposure frame positioned within the 
chamber, through which the carrier is advanced. The 
cassette may be removable to allow the device to be 
recharged with a new cassette. However, it Is not es- 
sential for the exposed areas of the carrierto be retained 
within the device and spent carrier may be advanced to 
the exterior of the device through a slot in the housing 
whereupon disposal may be effected by the patient, op- 
tionally with the aid of a cutting edge. This arrangement 
is particularly suitable for a tape carrier which has trans- 
verse • p e rf o rat !0 ns -to -f ac i ! itate tear I n g - off - s p c nt- c arri c r. 
[0054] The predetermined area of carrier to be ex- 
posed in the chamber may be from 0.1 to 20 cm^ and 
preferably from 2 to 3 cm^. The medicament may coat 
one of more surfaces of the carrier and/or be entrapped 
within interstices in the carrierto allow a dose of 5 |ig to 
1 mg to be entrained within the airflow produced at in- 
halation. It Is not essential that all of the drug be so en- 
trained within the airflow, providing the amount of drug 
released from the predetermined area is reproducible 
on consecutive use: 

[0055] The device may additionally include means to 
indicate one or more of a variety of parameters, such 
as, readiness for use, contents remaining, type of drug 
etc. 

[0056] The indicator may just provide warning of the 
near-exhaustion of the medicament supply o r rt may pro- 
vide more detailed information, such as the sequential 
number of the dose or the number of doses remaining. 
The indicator may additionally provide information to the 
date of manufacture or date of expiry of the medicament, 
as additional examples. For treatment Intended to be 
taken regularly at set times, the indicator may display 
the intended day, date and time of administration. The 
infonriation displayed by the indicator may conveniently 
be marked on the tape or tape covering by any appro- 
priate method, whether involving printing, indenting etc. 
The area of tape In the Indicator need not be that used 
to release the drug at that time. 

[0057] Dry powder inhalation devices comprising an 
elongate carrier may possess numerous advantages 
over the prior art devices. For example: 

1 . An inhaler with dosage control by the removal of 
powder from a fixed area of uniformly coated tape 
shows improved dose uniformity and respirable 
fraction uniformity over prior art devices. High re- 
spirable fractions are desirable because they allow 
a high proportion of the drug to be inhaled into the 



lungs to provide therapeutic benefit, and reduce the 
proportion of the drug causing unwanted systemic 
side-effects following swallowing from the mouth 
and throat region. 

2. The inhaler allows the accurate administration of 
smaller quantities of undiluted potent drugs (typical- 
ly below 200 p.g) such as corticosteroids, than Is cur- 
rently possible. This removes the problems associ- 
ated with the use of excipients. 

3. The storage of pure, powdered medicament on 
the surface of a tape lends itself to dosage adjust- 
ment or the use of different drugs with the minimum 
of effort and without refomnulatlon wori<. 

4. The inhaler is suitable for use with a wide variety 
of different medicaments. 

5. By controlling the tape or web dimensions, a pre- 
cise number of doses for inhalation can be stored 
in the inhaler. 

6. The tape can be marked to allow the inhaler to 
register the exact Piumber of doses remaining, or 
alternatively some counter mechanism can be driv- 
en by the tape advance mechanism. 

7. The amount of drug inhaled and the degree of 
particle deagglomeration are Independent of the 
patient's inspiratory effort overcoming the require- 
ment for hand/lung co-ordination, while at the same 
time, providing a consistent dose each time for all 
patients, irrespective of lung function. 

8. As aerosolisation/deagglomeration of the drug is 
not dependant on the air flow rate, patients can be 
taught to inhale slowly, unlike most dry powder in- 
halers, thus reducing unwanted drug impaction on 
the back of their throats. 

[005B] Generally, the medicament aerosolisation/ 
deagglomeration means causes release of medicament 
from the dose source and disintegration of particle ag- 
glomerates by mechanical energy Input independent of 
patient effort. The method employed may be any one or 
more of a number of suitable physical processes, such 
as impaction or vibration, brushing or scraping, or the 
use of airturbulence generated by a propeler or impeller. 
The selection of which method is to be employed varies 
with the medicament source, e.g., capsule, elongate 
canrier, or powder reservoir and transfer member Ac- 
cordingly, we shall illustrate the invention with reference 
to the use of an elongate carrier, although the general 
principles may be applied to inhalers using capsules, 
transfer members, etc. 

[0059] The medicament release means serves to 
weaken the binding of the medicament particles to the 
carrier and disintegrates particle agglomerates by me- 
.chanical effort, e.g., impaction, vibration, gas flow etc., 
or electrostatically. Mechanical deagglomeration/aero- 
solisation energy input may be achieved by: 

(i) impaction means, e.g., one or more spring biased 
striking hammers having one or more impactions 
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upon the exposed section of carrier; 
(ii) brushing or scraping means having rotary or re- 
ciprocal motion upon the exposed section of earner, 
e.g.. spring charged or electrically driven rotary el- 
ements having projecting bristles or flaps; dragging 
the carrier across irregularities such as a serrated 
Idler wheel or a surface bearing a plurality of em- 
bossed stmctures or similar surface features, or 
dragging the carrier over an edge or comer having 
a small radius of curvature such that the medica- 
ment bearing surface is given a sharp convex cur- 
vature; 

(III) pressurized gas flowing past, through or Imping- 
ing upon the carrier, emanating from some com- 
pressed or liquefied gas supply; 
(iv) vibration means for imparting vibration to the ex- 
posed section of carrier, generally In the frequency 
range 5 to 250,000 Hertz; the vibrations may be de- 
rived electrically orpiezo-electrically. e.g., using the 
piezoTeiectriGal-properties otpolymer PVDF2; elec- 
tromagnetically, e.g., using an electromagnetic vi- 
brating amn or pin, or mechanically, e.g., using ro- 
tating cams or serrated wheels, which may involve 
rapid revolution of the cam or wheel In contact with 
the carrier or movement of the carrier across the 
cam or wheel. 

[0060] Medicament release efficiency may be in- 
creased when the carrier and/or the medicament parti- 
cles have an Intentional charge by reversing the polarity 
of the carrier at aerosolisation and inhalation. 
[0061] The deagglomeration/aerosolisatlon means is 
triggered In response to the patient inhaling In order to 
avoid the patient having to synchronise inhalation and 
actuation of the medicament release mechanism. Air- 
flow detection is conveniently accomplished by means 
of a movable vane positioned within the chamber or pa- 
tient port, motion of the vane causing actuation of the 
release mechanism. The vane may be spring biased to 
return to a home position. The vane is constructed to 
prevent a patient exhaling through the device preventing 
exhaled air from reaching the stored medicament there- 
by avoiding any problenns associated with moisture in- 
gress and agglomeration. Other such sealing means 
may also be employed. 

[0062] A control system is included which activates 
the aerosolisation/deaggtomeration mechanism In re- 
sponse to the detection of a developing air stream 
through the device. The control system may be an elec- 
trical or mechanical linkage between the flow sensor 
and means for aerosolisation, the selection of which is 
dependent on the type of flow sensor and the type of 
aerosol isation/deagglomeratiori mechanism to be em- 
ployed. For example, in a device having a movable vane 
for detection purposes, displacement of the same may 
effect closure of a microswitch or reed switch, thereby 
completing a circuit including a battery to power an elec- 
tric motor turning, for example, a propeller or powering 



a solenoid buzzer. 

[0063] Suitable medicaments for use in the invention 
include any drug or drugs which may be administered 
by inhalation and which is either a solid or may be In- 

5 corporated in a solid carrier. Suitable drugs include 
those for the treatment of respiratory disorders, e.g., 
bronchodilators, corticosteroids and drugs for the 
prophylaxis of asthma. Other drugs such as anorectics, 
anti-depressants, anti-hypertensive agents, anti-neo- 

10 plastic agents, antt-cholinergic agents, dopaminergic 
agents, narcotic analgesics, beta-adrenergic blocking 
agents, prostaglandins, sympathomimetics, tranquillis- 
ers, steroids, vitamins and sex homriones may be em- 
ployed. 

15 [0064] Exemplary drugs include: 

Salbutamol, Terbutaline, Rimiterol, Fentanyl, 
Fenoteroi, PIrbuterol, Reproterol, Adrenaline, Iso- 
prenaline, Ociprenaline, Ipratropium, Beclometha- 
£cne,-Betamsthascne, Budesonide, Bisodium Gro- 
moglycate, Nedocromil Sodium, Ergotamine, Salm- 
eterol. Fluticasone, Formoterol, Insulin, Atropine, 
Prednisolone, Benzphetamine, Chlorphentermrne, 
Amitriptyllne, Imipramlne, Cloridlne, Actlnomycln C, 
Bromocriptine, Buprenorphine, Propranolol, Laci- 
cortone. Hydrocortisone, Fluocinolone, Triamcin- 
olone, DInoprost. Xylometazoline, Diazepam, Lo- 
razepam, Folic acid. Nicotinamide, Clenbuterol. Bi- 
tolterol, Ethinyloestradiol and Levenorgestrel. 
Drugs may be formulated as a free base, one or 
more pharmaceutically acceptable salts or a mix- 
ture thereof. 

[0065] The powdered medicament may be finely mi- 
cron ised by repeated step wise millings or a closed loop 
milling system and preferably is in the particle size range 
of 1 to 10 \im. The medicament may comprise one or 
more drugs, having one or nhore particular forms and 
may include one or more physiologically acceptable or 
inert excipients. The medicament particles may possess 
a coating comprising a surfactant, such as a perfluori- 
nated surfactant or other surfactants such as Span 85. 
oleic acid, lecithins. 

[0066] The invention will now be described with refer- 
ence to the accompanying drawings in which; 

Figure 1 Is a section through an inhaler In accord- 
ance with the present invention having battery pow- 
ered vibration means for deagglomeration/aerosoli- 
satlon. 

Figure 2 is a section through an inhaler in accord- 
ance with the present invention having battery pow- 
ered impaction means for deaggtomeration/aero- 
soltsation. 

Figures 3a to 3d illustrate an Inhaler of the present 
invention having spring loaded impaction means for 
deagglomeration/aerosolisatlon. Figure 3a is a front 
view, Figure 3b a rear view and Figure 3c a ventral 
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view of the device exterior. Figure 3d is a transverse 
section through the inhaler along the axis A-A 
Figures 4a and 4b Illustrate an inhaler of the present 
invention having a battery powered revolving brush 
for deagglomeratlng/aerosolising medicament. 
Figure 5 is a section through an Inhaler in accord- 
ance with the present Invention having battery pow- 
ered vibration means for deagglomeration/aerosoli- 
sation. 

[0067] Referring to Figure 1 , an inhalation device (1), 
for use with powdered medicament enclosed in a rup- 
turable capsule comprises a housing (3) defining inter- 
connecting compartments (5) and (7), capsule receiving 
enclosure (9) and aerosolisation chamber (11). Com- 
partment (5) contains abattery (1 3) mounted in securing 
lugs (1 5) and may be accessed by the patient to replace 
an exhausted cell. Compartment (7) contains a sole- 
noid-type vibrator (17) in etectricat communication with 
CO ML ro i rn ec h a fi is fTi ' ( T 9 ) a n d m icrcswitcn ' (21 ) , an u CO m - 
pleting an electric circuit with battery (13). When the de- 
vice is not in use microswitch (21 ) is open, such that the 
aforementioned circuit is incomplete, thereby prevent- 
ing vibrator actuation. 

[0068] Aerosolisation chamber (11) communicates 
with patient port (23) provided with a mouthpiece (25) ^ 
although the device may be fitted with a nasal adaptor 
(not shown) or alternatively, the device may be supplied 
with both. Enclosure (9) communicates with the exterior 
atmosphere through portal (27) and aerosolisation 
chamber (11) through integral air vents (29), such that 
an air flow may be generated through the device from 
the exterior atmosphere by patient Inhalation at (23). 
Vane (31 ) is pivotally mounted about (33) and is capable 
of being displaced when an airflow is generated by pa- 
tient inhalation through the device. Displacement of 
vane (31 ) causes an interaction between vane member 
(35) and microswitch (21), to transiently close switch 
(21), thereby completing thecircult described above and 
actuating vibrator (17). Vane member (35) also serves 
to prevent vane (31) from rotating fully out of patient port 
(23). The vane is spring biased to return to the home 
position upon hatting of patient airflow causing micros- 
witch (21) to re-open and thereby Interrupting the circuit. 
[0069] I n use, a patient inserts a capsule (37) into por- 
tal (27) provided with one or more cutting or piercing 
members (39), such that capsule Integrity is destroyed 
during insertion. Alternatively the patient may manually 
rupture the capsule prior to insertion. Enclosure (9) is 
suitably configured so that the capsule rests In close 
proximity to a plunger rod (41 ) of vibrator (17), Vibration 
of the plunger rod against the capsule upon vibrator ac- 
tuation causes deagglomeration and release of medica- 
ment particles of respirable size from the capsule, 
whereupon they are entrained Into the developing air 
stream. Vane (31 ) ensures unidirectional flow of air from 
the exterior atmosphere via portal (27) to patient port 
(23) by being displaceable In the forward direction only 



Movement in the reverse direction upon patient inhala- 
tion is prevented by stop (44). Compartments (5) and 
(7) may be substantially sealed from enclosure (9) and 
chamber (11), with the exception of the communication 

5 required for operation of both buzzer and vane, to pre- 
vent the ingress of powdered medicament which may 
deleteriously affect device operation. 
[0070] Referring to Figure 2, an inhalation device suit- 
able for use with a pre-loaded elongate medicament car- 

10 rier comprises a housing having a body portion (45) and 
cover (47) pivoted about (49) and movable between an 
open position (as shown) and a closed position. Vtfhile 
the device is not in use, the cover minimises the con- 
tamination resulting from dirt or moisture ingress. Body 

IS portion (45) defines interconnecting compartments (5) 
and (7) and an aerosolisation chamber (11). Compart- 
ment (7) contains integral earner storage spool (51 ) , car- 
rier-engaging guide rollers (53) and Integral carriertake- 
up spool (55), such that carrier (57) may be sequentially 
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CatiOn with the aerosolisation chamber. Dose advance- 
ment means are not shown, but may comprise mounting 
the take-up spool on a drive shaft extending through the 
housing, which may be manually tumed with the aid of 

25 a knuried knob. Alternatively, a suitable gear train may 
be connected to the take-up spool and a recessed dose 
advancement wheel or lever mounted in the housing to 
affect dose advancement. Compartment (7) also con- 
tains control mechanism (19), deagglomeration/aero- 

30 solisatlon means comprising a solenoid (61 ) and striking 
hammer (63) and reed switch (65) completing an electric 
circuit with battery (13). When the device is not in use, 
reed switch (65) is open, such that the aforementioned 
circuit is incomplete, thereby preventing solenoid actu- 

35 ation. 

[0071] In use, an unexposed portion of carrier (57) is 
advanced to the exposure frame by the patient before 
displacement of cover (47) and inhalation through 
mouthpiece (25). An air flow is generated through the 

40 device via vent (67) to patient port (23). Displacement 
of vane (31 ) as described in Figure 1 causes member 
(35) to transiently close reed switch (65), such that the 
control mechanism (19) selectively activates solenoid 
(61) causing hammer (63) to Impact upon the exposed 

45 section of the carrier. Impaction of the hammer with car- 
rier (57) releases medicament particles of respirable 
size Into aerosolisation chamber (11), whereupon they 
are entrained into the developing air stream as the pa- 
tient inspires. 

50 [0072] Refening to Figure 3a, a front view of an Inhal- 
er having indirect breath actuation of impaction means 
is Illustrated. Vane (65), explained hereinafter, has been 
omitted to illustrate how the exposure frame (59) pre- 
sented to the patient by insertion of mouthpiece (25) into 

55 the buccal cavity, defines the exposed area of elongate 
carrier (57). Striking hammer (69) is held in an armed 
position by catch (71 ) and is released by the detection 
of an air flow through the device. 



9 



17 



EP 0 705 614 B1 



18 



[0073] Figure 3b depicts a rear view of the inhaler of 
Figure 3a and illustrates the position of air vents (73), 
striking hammer amiing rod (75) and dose advancement 
lever (77) recessed in slot (79). 

[0074] Figure 3c depicts a plan view of the inhaler of 
Figure 3a. 

[0075] Figure 3d depicts a section through the inhaler 
along the axis A-A. The inhaler comprises: a housing 
(1) having an extension (81), for purposes of indirect 
breath actuation with Integral air vents (73), the housing 
defining an aerosolisation chamber (11) in communica- 
tion with patient port (23) and air vents (73). Carrier (57) 
Is taken up by spool (55). Carrier storage means are not 
shown but typically would also be a spool. 
[0076] Unexposed carrier (57) is sequentially ad- 
vanced across exposure frame (59) by recessed lever 
(77) driving a suitable gear train (83) turning spool (55). 
Striking hammer (69) is primed by the patient prior to 
inhalation by retracting spring biased rod (75) until catch 
(71) is-engaged. 

[0077] Vane (31 ) is capable of being displaced when 
an airflow is generated by patient inhalation through the 
device. The vane is spring biased (not shown) to return 
to the displaceable home position when the air flow Is 
halted. Displacement of the van© (31) produces an in- 
teraction with catch (71) to release the striking hammer 
(69). Impaction of the hammer with carrier (67) releases 
medicament particles of respirable size into aerosolisa- 
tion chamber (11), whereupon they are entrained into 
the developing air stream as the patient inspires. 
[0078] Vane (85) ensures unidirectional flow of air 
from the exterior atmosphere, via air vents (73) to pa- 
tient port (23), by being displaceable in the forward di- 
rection only. Movement in the reverse direction upon pa- 
tient exhalation is prevented by stop (43). 
[0079] In a modification (not shown) the vanes (31) 
and (85) may be replaced by a single vane. 
[0080] Referring to Figures 4a and 4b, an inhaler hav- 
ing both integral carrier storage spool (51 ), take up spool 
(55) and brush ing/scr£M3lng means for aerosolisation is 
illustrated. Carrier (57) Is sequentially advanced across 
a carrier support (87) in contact with a spring powered 
or electrically driven (not shown) rotary brush (89). 
[0081] Indirect breath actuation Is provided by the dis- 
placement of vane (31) by a developing air stream dur- 
ing patient inspiration, thereby completing an electrical 
circuit containing a battery and a motor (not shown) to 
drive rotary brush (89), or alternatively allowing a ten- 
sioned spring mechanism (not shown) to revolve the 
brush. 

[0082] Figure 5 illustrates an inhaler of re-usable for- 
mat comprising a disposable cassette (91) with part of 
the housing and disposable cassette cut away. The cut 
away illustrates the relative position of carrier storage 
spool (52) and carrier take up spool (56) within said cas- 
sette to the gear train driving carrier advancement (83). 
Spools (52, 56) are engaged respectively upon cassette 
Insertion by spindles (only spindle (52a) for the storage 



spool is shown). An inhaler of disposable fomnat may be 
produced by replacing cassette (91 ) with integral spools 
(51, 55) not shown. Sequential advancement of fresh 
canler (57) to exposure frame (59) is completed by a 

s recessed dose advance wheel (93) engaging gear train 
(83) and revolving take up spool (56). Solenoid buzzer 
(17) Is activated by completion of a circuit containing a 
battery cell (not shown). This may be achieved by the 
incorporation of a displaceable vane (not shown) as de- 

10 scribed in Figures 1 to 4. Vibrating head (41 ) contacting 
the carrier at exposure frame (59) causes medicament 
to be released from the carrier, where it may be en- 
trained by the patients Inspiratory efforts. 



Claims 

1 . A dry powder inhaler (1 ) comprising 

a housing (3) defining a chamber (11) for re- 
QQfwjpg^o hqcq c?"powdered medicament; 

a patient port (23) in the fomn of a mouthpiece 
or nasal adapter, 

an inhalation passageway in communication 
with the chamber and patient port, 

a deagglomerator (14, 41, 63, 89) that deag- 
gtomerates or assists in aerosolisation of the dose 
of powdered medicament, 

an electric powered device (1 7, 61) that drives 
the deagglomerator, 

a patient-independent energy output source 
(13) that drives the electric powered device, 

a detector that detects inspiratory flow 
through the inhalation passageway and 

a controller for actuating the deagglomerator 
in response to detection of the Inspiratory flow by 
the detector characterised in that the detector 
comprising a movable vane positioned within the 
patient port or chamber, the vane being constructed 
and arranged to prevent exhaled air reaching stored 
powdered medicament. 

A dry powder inhaler as claimed in Claim 1 in which 
the patient-independent energy output source com- 
prises a battery. 

A dry powder inhaler as claimed in Claim 1 in which 
the controller comprises a mechanical linkage be- 
tween the detector and deagglomerator. 

A dry powder Inhaler as claimed in Claim 3 In which 
the controller is a switch. 

A dry powder inhaler as claimed in any preceding 
Claim in which the deagglomerator comprises 
means for impacting, striking or vibrating the dose 
of medicament. 

6. A dry powder inhaler as claimed In Claim 5 In which 
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the means for impacting or striking comprises a so- 
lenoid. 

7. A dry powder inhaler as claimed in Claim 5 in which 
said means produces vibrations in the frequency 5 
range of from 5 to 250,000Hz and is electrical, pie- 
zo-electric, electromagnetic or mechanical. 

8. A dry powder inhaler as claimed in any one of 
Claims 1 to 3 in which the deagglomerator comprts- io 
es a propeller or an impeller generating a f iow of air 
turbulence causing medicament release. 

9. A dry powder inhaler as claimed in any preceding 
claim in which the powdered medicament is en- *5 
closed in a rupturable capsule and the inhaler is 
adapted to receive said capsule and comprises 
means for breaching the capsule. 

10. A dry powder inhaler as claimed in any preceding 20 
Claim in combination with a powdered medicament 
which has a particle size in the range of 1 to 10 ^m 
and comprises one or more drugs selected from 
bronchodilators, corticosteroids, anorectics, anti- 
depressants, anti-hypertensive agents, anti-neo- 25 2. 
plastic agents, anti-cholinergic agents, dopaminer- 
gic agents, narcotic analgesics, ^adrenergic block- 
ing agents, prostoglandtns, sympathomimetics, 
tranquilisers, steroids, proteins, peptides, vitamins, 3. 
sex hormones and drugs for the phophylaxls of 30 
asthma. 

11. A dry powder inhaler as claimed in Claim 10 in 4. 
which the medicament is Salbutamol, Terbutaiine, 
Rlmlterot, Fentanyl, Fenoterol, PIrbuterol, Reprot- 35 
eroi. Adrenaline, Isoprenaline, Ociprenaline, Iprat- 5. 
ropium, Beclomethasone, Betamethasone, Budes- 

onlde, Disodium Cromoglycate, Nedocromil Sodi- 
um, Ergotamine, Salmeterol, Fluticasone, Formot- 
erol, Insulin, Atropine, Prednisolone, Benzpheta- 40 
mine, Chlorphentemnlne, Amitriptyline, Imipramine, 
Cioridine, Actinomycin C, Bromocriptine, Buprenor- 6. 
phine, Propranolol, Lacicortone, Hydrocortisone, 
Fluocinolone, Triamcinclone, Dinoprost, Xylometa- 
zoline, Diazepam, Lorazepam, Folic acid, Nicotina- 45 
mide, Clenbuterol, Bitoiterol, Ethinyloestradiol and 7. 
Levenorgestrel and pharmaceutically acceptabe 
salts thereof. 

50 

PatentansprQche B. 

1. Trockenpulverinhalator (1) mit: 

einem Gehfiuse (3), das eine Kammer (1 1 ) zum ss 
Aufnehmen einer pulverformtgen Medikamen- 
tendosis bildet, 9. 
einem PatlentenanschluB (23) in Fomn eines 



Mundstiicks Oder Nasenadapters, 

einem Inhalationskanal in Verbindung mit der 

Kammer und dem Patientenanschluf3, 

einem Deagglomerator (14, 41, 63, 89), der die 

pulverformige Medikamentendosis deagglo- 

meriert Oder bei threm Aerosolieren hilft, 

einem elektrisch betriebenen GerSt (17, 61), 

das den Deagglomerator antreibt, 

einer patientenunabhangigen Energieausga- 

bequelle (13), die das elektrisch betriebene Ge- 

rat antreibt, 

einem Detektor, der den Inspirationsstrom 
durch den Inhalationskanal detektiert, und 
einer Steuerung zum Betatigen des Deagglo- 
merators als Reaktion auf die Detektion des In- 
spirationsstroms durch den Detektor, dadurch 
gekennzelchnet, daB der Detektor einen be- 
weglichen Fliigel aufwelst, der im Patientenan- 
schluB Oder in der Kammer positioniert ist, wo- 
beider Fl'jge! so aufgebaut und angeordnet ist, 
dalB Ausatemluft daran gehindert wird, bevor- 
ratetes pulverfdrmiges Medikament zu errei- 
Chen. 

Trockenpulverinhalator nach Anspruch 1 , wobei die 
patientenunabhangigen Energieausgabequelle ei- 
ne Batterie aufwelst. 

Trockenpulverinhalator nach Anspruch 1 , wobei die 
Steuerung eine mechanische Kopplung zwischen 
dem Detektor und Deagglomerator aufwelst 

Trockenpulverinhalator nach Anspruch 3, wobei die 
Steuemng ein Schalter ist. 

Trockenpulverinhalator nach einem der vorstehen- 
den Ansprijche, wobei der Deagglomerator eine 
Einrichtung zum Aufprallenlassen auf die Medika- 
mentendosis, Schlagen darauf oder ihr Versetzen 
in Schwingungen autweist. 

Trockenpulverinhalator nach Anspruch 5. wobei die 
Einrichtung zum Aufprallenlassen Oder Schlagen 
eine Magnetspule aufweist. 

Trockenpulverinhalator nach Anspruch 5, wobei die 
Einrichtung Schwingungen mit im Frequenzberelch 
von 5 bis 250.000 Hz erzeugt und elektrisch. piezo- 
elektrisch, elektromagnetisch oder mechanisch ist. 

Trockenpulverinhalator nach einem der Anspruche 
1 bis 3, wobei der Deagglomerator einen Propeller 
Oder einen Impeller aufweist. der einen Luftturbu- 
lenzstrom erzeugt, der eine Medikamentenfreiset- 
zung bewirkt. 

Trockenpulverinhalator nach einem der vorstehen- 
den Anspruche, wobei das pulverformige Medika- 
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ment in einer aufbrechbaren Kapsel eingeschlos- 
sen und der Inhalator geeignet ist, die Kapsel auf- 
zunehmen, und eine Einrichtung zum Zerbrechen 
der Kapsel aufweist. 

5 

10. Trockenputverinhalator nach einem der vorstehen- 
den Anspruche In Konnblnatlon mft einem pulverfor- 
migen Medikament, das eine TeilchengroBe im Be- 
reich von 1 bis 1 0 yim hat und ein Oder nnehrere Arz- 
neimitlel aufweist, die aus Bronchodilatoren, Corti- io 
costeroiden, Anorektika, Antidepressiva, Antihy- 
pertensiva, Antineoplastlka, Anticholtnergika, Do- 
pamlnergika, narkottsche Analgetlka, adrenergen 
Betablockem, Prostaglandinen, Sympathomimeti- 

ka, Tranquillizern, Steroiden, Proteinen, Peptiden, is 
Vitaminen, Sexualhonmonen und Asthmaprophy- 
laktika ausgewahit sind. 

11. Trockenpulverinhalator nach Anspruch 10, wobei 

Fentanyl, Fenoterol, Pirbuterol, Reproterol, Adre- 
nalin, Isoprenalin, Ociprenalin, Ipratropiunn, Beclo- 
methason, Betannethason, Budesonid, Dlnatrium- 
cromoglycat, Nedocromil- Natrium, Ergotamin, Sal- 
meterol, Fluticason, Formoterol, Insulin, Atropin, 25 
Prednisolon, Benzphetamin, Chlorphentemiin. 
Amitrlptylin, Imipramin, Cloridin, Actlnomycin 
Bromocriptin, Buprenorphin. Propranolol, Laci- 
corton, Hydrocortison, Fluocinolon, Triamcincion, 
Dinoprost. Xylometazolin, Diazepam, Lorazepam, 30 
Folsaure, Nicotinamide Clenbuterol, Bitolterot, Ethi- 
nyloestradiol und Levenorgestrel sowie deren phar- 
mazeutisch vertragliche Saize ist. 
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Revendications 

1 . Inhalateur de poudre sfeche (1 ) comprenant 

un boTtier (3) d^finissant une chambre (11) 
pour recevoir une dose d'un medicament en pou- "to 
dre, 

un orifice (23) destine au patient, sous iorme 
d'un embout buccal ou d'un adaptateur nasal, 

une vote de passage pour Inhalation en com- 
munication avec la chambre et t'orifice destind au 
patient, 

un 6l6ment de d6sagglo miration (14, 41 , 63, 
69) qui desagglom^re ou facilite la transformation 
en aerosol de la dose de medicament en poudre, 

un disposlttf d alimentation 6lectrique (1 7. 61 ) so 
qui commande rei^ment de ddsagglomeration, 

une source foumissant de I'^nergle (13). In- 
dependante du patient, qui commande le disposltif 
k alimentation diectrique, 

un detecteur qui d^tecte le flux insplratoire k S5 
travers la voie de passage pour inhalation et 

un element de commande pour actionner 
reiement de d^sagglomeration en r^ponse k la de- 



tection du flux insplratoire par le detecteur, carac- 
terise en ce que le detecteur comprend une atlette 
mobile positionnee dans Toriftce destine au patient 
ou dans la chambre, faiiette etant const rulte et dis- 
posee de mani6re k empecher I'air exhale d'attein- 
dre le medicament en poudre qui est stocke, 

2. Inhalateur de poudre seche suivant la revendication 
1 , dans lequet la source fournissant de renergie, in- 
dependante du patient, comprend une pile. 

3. inhalateur de poudre seche suivant la revendication 
1 , dans lequel reiement de commande comprend 
un element de connexion mecanique entre le de- 
tecteur et reiement de desaggtomeratton. 

4. Inhalateur de poudre seche suivant la revendication 
3, dans lequel reiement de commande est un com- 
mutateur. 

5. Inhalateur de poudre seche suivant Tune quelcon- 
que das revendications precedentes, dans lequel 
reiement de desagglomeration comprend un 
moyen pour soumettre k un impact, frapper ou faire 
vibrer la dose de medicament. 

6. Inhalateur de poudre sdche suivant la revendication 
5, dans lequel le moyen pour soumettre a un impact 
ou frapper comprend un soienoide. 

7. Inhalateur de poudre seche suivant la revendication 
5, dans lequel le moyen produit des vibrations dans 
la plage de frequences de 5 ^ 250 000 Hz et est 
etectrique, piezo-eiectrique, eiectromagnetique ou 
mecanique. 

8. Inhalateur de poudre seche suivant I'une queteon- 
que des revendications 1 k 3, dans lequel reiement 
de desagglomeration comprend un moyen de pro- 
pulsion ou d'impuision engendrant un courant tur- 
bulent d'air provoquant la llberattbn du medicament. 

9. Inhalateur de poudre seche suivant I'une quelcon- 
que des revendications precedentes, dans lequel le 
medicament en poudre est enferme dans une cap- 
sule perforable et I'inhalateur est adapte k recevoir 
ladite capsule et comprend un moyen pour rompre 
la capsule. 

10. inhalateur de poudre seche suivant I'une quelcon- 
que des revendications precedentes en association 
avec un medicament en poudre qui a un diametre 
de particules compris dans t'intervalle de 1 e 1 0 ^m 
et qui comprend un ou ptusieurs medicaments choi- 
sis entre des bronchodilatateurs, des corticosteroi- 
des, des anorexigenes, des antidepresseurs. des 
agents anti-hypertensifs, des agents antineoplasi- 
ques, des agents antichollnerglques, des agents 
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dopaminergiques, des analgesiques narcotiques, 
des agents de blocage ^-adrenergique, des prosta- 
glandines, des agents sympathonnimetiques, des 
tranquilllsants, des st6roTdes, des proteines, des 
peptides, des vitamines. des hormones sexuelles 5 
et des m^dicannents pour ta prophylaxie de I'asth- 
me. 

1 1 . Inhatateur de poudre s^che suivant la revendication 
1 0, dans iequel le m6dicament est le salbutamol, la fo 
tertutaline: le rimitdroi, le fentanyl. le fSnoterol. le 
pirbut^rol, le r^prot^rol, Tadr^natine, I'isoprenatine, 
roclpr^naline, ripratrcplum, la b^ctom^thasone, la 
betamethasone, le bud6sonide, te cromogtycate di- 
sodique, le n^docromil sodique, I'ergotamine, le 15 
salm6t6rol. la fluticasone, le formotdrol, rinsuline, 
ratropine, la prednisolone, la benzphetamtne, la 
chlorphentennine, ramltriptyllne, Hmipramine, la 
clonidine, I'actinomycine C, ta bromocriptine, la bu- 
pr^norphine. le. propranolol, la lacicortone. Ilhydro- 20 
cortisone, lafluoclnoione, la triamcinolone, te dino- 
prost, la xytometazoline, te diazepam, le lorazd- 
pam, I'acidefolique, le nicotinamide, le clenbut^rol, 
le bltott^rol, I'^thinyloestradiol, le l^vonorgestrel et 
leurs sets pharmaceutiquement acceptabtes. 25 
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